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Healing of Intrabony Defects Treated
With an Enamel Matrix Protein Derivative
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Background: Regenerative periodontal therapy with an
enamel matrix protein derivative (EMD) has been shown to pro-
mote regeneration in intrabony periodontal defects. However, in
most clinical studies, root surface conditioning with EDTA was
performed in conjunction with the application of EMD, and,
therefore, it cannot be excluded that the results may also be at-
tributable to the effect of the root conditioning procedure. The
purpose of this study was to determine the effect of root condi-
tioning on the healing of intrabony defects treated with EMD.
Methods: Twenty-four patients, each of whom exhibited one
deep intrabony defect, were randomly treated with either open
flap debridement (OFD) followed by root surface conditioning
with EDTA and application of EMD (OFD + EDTA + EMD) or
with OFD and application of EMD only (OFD + EMD). The fol-
lowing parameters were recorded at baseline and at 1 year:
plaque index (PI), gingival index (GI), bleedingonprobing (BOP),
probing depth (PD), and clinical attachment level (CAL).
Results: No differences in any of the investigated parameters
were observed at baseline between the two groups. Healing was
uneventful in all patients. At 1 year after therapy, the OFD +
EDTA + EMD group showed a reduction in mean PD from 9.3
– 1.3 mm to 4.0 – 0.9 mm (P <0.001), and mean CAL changed
from 10.8 – 2.2 mm to 7.1 – 2.8 mm (P <0.001). In the OFD +
EMD group, mean PD was reduced from 9.3 – 1.2 mm to 4.2
– 0.9 mm (P <0.001), and a change in mean CAL from 11.0 –
1.7 mm to 7.3 – 1.6 mm (P <0.001). There were no significant
differences in any of the investigated parameters between the
two groups.
Conclusion: In intrabony defects, regenerative surgery includ-
ing OFD + EDTA + EMD failed to show statistically significant
differences in terms of PD reduction and CAL gain compared
to treatment with OFD + EMD. J Periodontol 2006;77:1167-
1172.
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R
econstructive periodontal surgery
with an enamel matrix protein
derivative (EMD) has been shown
to promote periodontal regeneration
(i.e., formation of new cementum, new
periodontal ligament, and new bone) in
animals and humans.1-13 Clinically,
treatment of intrabony defects by means
of open flap debridement (OFD) and
application of EMD resulted in greater
probing depth (PD) reduction and clin-
ical attachment level (CAL) gain than
OFD alone.14-21 The application of EMD
was usually performed following root
surface conditioning with phosphoric
acid, citric acid, or EDTA.18-21 In those
clinical trials, the most frequently em-
ployed root conditioning agent was 24%
EDTA.15-21 The biologic rationale of us-
ing EDTA for root surface conditioning
is based on findings from experimental
studies indicating that EDTA operating
at neutral pH appeared to effectively
remove the smear layer produced by
scaling and root planing and to selec-
tively remove mineral from the dentin or
cementum surface exposing a collage-
nous matrix.22-25 In contrast, etching
with citric and phosphoric acids ap-
peared to remove not only the mineral
component but also the collagenous
matrix.22-25 Furthermore, it has been
demonstrated that a dentin or cemen-
tum surface in which collagen had been
exposed by EDTA etching appeared to
produce a more biocompatible surface
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compared to etching at low pH, whereas low pH
etching agents exerted an immediate necrotizing
effect on vital periodontal tissues in contrast to
EDTA.22,25-28 Although results from controlled clin-
ical studies have failed to demonstrate a significant
clinical benefit when root conditioning using EDTA
gel was employed as an adjunct to surgical therapy,
it cannot be excluded that the treatment outcome
reported following regenerative periodontal surgery
with EMD may also be attributable to the effect of the
root conditioning procedure.29,30 However, there are
still limited data from controlled clinical studies eval-
uating the influence of a root conditioning procedure
with EDTA on the clinical results following regener-
ative periodontal surgery with EMD.
Therefore, the aim of the present randomized, con-
trolled, blinded, clinical trial was to determine the
effect of EDTA root conditioning on the healing of
intrabony defects treated with EMD.
MATERIALS AND METHODS
A total of 24 patients (14 females and 10 males; mean
age: 41 – 11.5 years) with chronic, generalized, ad-
vanced periodontitis were included in this prospec-
tive, randomized, controlled, blinded, parallel design
study (i.e., 12 patients in each group) after having
signed an informed consent form. Each patient partic-
ipated in the study with one intrabony periodontal
defect. The study was performed according to the
Declaration of Helsinki as revised in 1983. The criteria
needed for inclusion in the study were as follows: 1) no
systemic diseases that could influence the outcome of
the therapy; 2) a good level of oral hygiene, defined as
a whole mouth plaque index (PI) <1;31 3) compliance
with the maintenance program; 4) presence of one
intrabony defect with a PD‡6 mm; and 5) an intrabony
component ‡3 mm as detected on the radiographs.
All patients received non-surgical periodontal treat-
ment, including oral hygiene instructions and scaling
and root planing under local anesthesia at least
3 months prior to the start of the study.
The following clinical parameters were assessed by
the same examiner (MB) 1 week prior and 1 year after
the surgical procedure using the same periodontal
probe:i PI, gingival index (GI),31 bleeding on probing
(BOP), PD, gingival recession (GR), and CAL. Mea-
surements were made at six sites per tooth: mesio-
vestibular (mv), mid-vestibular (v), disto-vestibular
(dv), mesio-oral (ml), mid-oral (l), and disto-oral (dl).
The cemento-enamel junction (CEJ) was used as
the reference point. In cases where the CEJ was not
visible, a restoration margin was used for these mea-
surements. The study reports only measurements at
the same deepest point of the selected defect. Pre-
and postoperative radiographs were taken with the
long-cone paralleling technique.
Intraexaminer Reproducibility
Five patients, each showing 10 teeth (single and multi-
rooted) with probing depths >6 mm on at least one
aspect of each tooth, were used to calibrate the exam-
iner. The examiner evaluated the patients on two
separate occasions, 48 hours apart. Calibration was
accepted if measurements at baseline and at 48 hours
were similar to the millimeter at >90% level. The ex-
aminer was not aware of the surgical procedure to
be performed.
Surgical Procedure
All operative procedures were performed by the same
surgeon (AS). Following local anesthesia and place-
ment of intracrevicular incisions, mucoperiosteal
flaps were raised vestibularly and orally. Vertical re-
leasing incisions were performed only if necessary
for a better access or to achieve a better closure of
the surgical site. All granulation tissue was removed
from the defects, and the roots were thoroughly scaled
and planed using hand and ultrasonic instruments.
During surgery, the following measurements were
made: 1) the distance from the CEJ to the bottom of
the defect (CEJ-BD); and 2) the distance from the
CEJ to the most coronal extension of the alveolar bone
crest (CEJ-BC). The intrabony component (INTRA) of
the defects was defined as CEJ-BD - CEJ-BC.
The defects were randomly assigned before sur-
gery to the two treatment groups with the randomized
block approach. Blocking to control for the effects of
the prognostic variables INTRA and CAL was used
to decrease outcome variability.32 For allowing ran-
domization, INTRA was estimated before surgery on
radiographs and by performing transgingival bone
sounding.
In the OFD + EDTA + EMD group, the root surfaces
adjacent to the defects were conditioned for 2 minutes
with 24% EDTA gel (pH 6.7)¶ according to the instruc-
tions given by the manufacturer. The defects, the root
surfaces, and the adjacent mucoperiosteal flaps were
then thoroughly rinsed with sterile saline to remove
EDTA remnants. Following root conditioning, EMD#
was applied on the root surfaces and into the defects.
In the OFD +EMD group, EMD was applied on the root
surface directly after completing root scaling and
planing and copious rinsing of the wound. In all cases,
primary wound closure was achieved by means of ver-
tical and horizontal mattress sutures.
Postoperative Care
The postoperative care consisted of 0.2% chlorhexi-
dine rinses twice a day for 4 weeks. The sutures were
removed 14 days after the surgery. Recall appoint-
ments were scheduled every second week during
i UNC 15, Hu-Friedy, Chicago, IL.
¶ PrefGel, Straumann, Basel, Switzerland.
# Emdogain, Straumann.
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the first 2 months after surgery and monthly following
the rest of the observation period of 1 year. Neither
probing nor subgingival instrumentation were per-
formed during the first year after surgery.
Statistical Analysis
The statistical analysis was performed using a com-
mercially available software program.** The primary
outcome variable was the CAL. In the calculations, the
deepest site per tooth was included. For the statistical
evaluation of the changes from baseline to 1 year, the
paired t test was used (two-tailed t test). For the com-
parisons between the groups, the unpaired t test was
used (two-tailed t test). Thea error was set at 0.05. The
power of the study, given 1 mm as a significant differ-
ence between the groups, was calculated to be 0.70.
RESULTS
The postoperative healing was considered generally
uneventful. Minor complications were related to usual
postoperative swelling and occurred within the first
days after surgery. Neither allergic reactions nor sup-
puration or abscesses were observed in any of the
patients.
ThemeanPI,GI, andBOPat the treatedsites foreach
of the two groups at baseline and after 1 year are sum-
marized in Table 1. The mean PI did not reveal a sta-
tistically significant difference in any of the two groups
compared to baseline or between the groups. In both
groups, the GI and BOP improved significantly com-
pared to baseline (P <0.001). However, at 1 year,
the difference between the groups was not statistically
significant.
Defect characteristics with respect to tooth type are
presented in Table 2. No differences in the distribution
of the defects were found between the two groups.
Baseline defect characteristics are presented in
Table 3. At baseline, no differences in the depth of
the intrabony component were found between the
two groups.
The clinical results at 1 year after treatment are
presented in Table 4. No differences in any of the in-
vestigated parameters were observed at baseline be-
tween the two groups. Healing was uneventful in all
patients. At 1 year after therapy, the OFD + EDTA +
EMD group showed a reduction in mean PD from
9.3 – 1.3 mm to 4.0 – 0.9 mm (P <0.001) and a change
in mean CAL from 10.8 – 2.2 mm to 7.1 – 2.8 mm
(P <0.001). In the OFD + EMD group, mean PD was
reduced from 9.3 – 1.2 mm to 4.2 – 0.9 mm
(P <0.001), and the mean CAL changed from 11.0 –
1.7 mm to 7.3 – 1.6 mm (P <0.001). There were no
significant differences in terms of PD reduction and
CAL gain between the two groups.
The frequency distribution of CAL gain for both
treatment groups is shown in Table 5. In both groups,
all sites (100%)gained‡2 mm CAL.A CAL gain‡3 mm
was measured at 11 sites (92%) in each of the two
groups. Patients who reported smoking only occasion-
ally were not considered smokers.33 According to the
given definition, there were no smokers included in the
present study.
DISCUSSION
The results of the present study have shown that treat-
ment of intrabony periodontal defects by means of
OFD and application of EMD with or without root sur-
face conditioning with EDTA resulted in significant PD
reductions and CAL gains. No statistically significant
Table 1.
Plaque, Gingival, and Bleeding Scores
at the Treated Sites at Baseline and the
1-Year Examination (mean – SD)
OFD + EDTA
+ EMD (N = 12)
OFD + EMD
(N = 12)
Plaque index scores
Baseline 0.7 – 0.3 0.7 – 0.2
12 months 0.7 – 0.2 0.6 – 0.4
Gingival index scores
Baseline 1.4 – 0.6 1.5 – 0.6
12 months 0.6 – 0.4 0.7 – 0.4
Bleeding scores
Baseline 39% 37%
12 months 12% 14%
Table 2.
Distribution and Configuration of
Treated Defects
OFD + EDTA
+ EMD (N = 12)
OFD + EMD
(N = 12)
Maxilla 5 6
Mandible 7 6
Anterior teeth 5 4
Premolars 4 5
Molars 3 3
1- to 2-wall 1 2
2-wall 9 8
3-wall 2 2
** SPSS for Windows, SPSS, Chicago, IL.
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differences between the two treatment modalities in
any of the investigated clinical parameters were found
at 1 year after therapy. However, it should be empha-
sized that the study does not have the statistical power
to rule out the possibility of a difference between the
two groups. Further studies, with a much higher num-
ber of patients and defects, would be needed to detect
an eventual difference between the treatments.34
Moreover, it cannot be excluded that the inclusion
of a third group receiving only surgical debridement
might have added additional information to the study.
The fact that postoperative discomforts such as swell-
ing and pain were minimal in all treated patients also
indicates that neither the application of EMD alone nor
the combination of EDTA + EMD seems to interfere
with the healing process. These findings are in agree-
ment with the results from previous human histologic
and clinical studies that failed to show serious postop-
erative complications following the use of EMD,
EDTA, or both in conjunction with surgical periodon-
tal therapy.7-21,26,28,35,36
The results obtained in the OFD + EDTA + EMD
group are in agreement with previously published
data using a comparable surgical pro-
tocol.15-21,36 However, it needs to
be pointed out that treatment with
OFD + EMD in the present study re-
sulted in comparable PD reductions
and CAL gains to treatment with OFD
+ EDTA + EMD. The results obtained
with OFD + EMD are comparable to
those from a case report study evaluat-
ing the healing of 15 consecutive
patients with a total of 25 intrabony
defects treated according to a similar
protocol.35 In that study, neither etch-
ing nor chemical preparation of the
root surfaces was carried out. At 12
months, the results demonstrated a
mean PD reduction of 4.4 – 1.3 mm
and a mean CAL gain of 3.6 – 1.2
mm. A total of 14 sites demonstrated
a CAL gain of 2 to 3 mm, nine sites
demonstrated a gain of 4 to 5 mm,
and two sites demonstrated a gain of
6 mm. Our findings are also in line with
those of a very recent practice-based clinical and
radiographic study that failed to demonstrate any
significant benefit of EDTA root conditioning as an
adjunct to regenerative surgery with EMD in intrabony
defects.36
The choice of EDTA for root surface conditioning
was based on results of previous histologic studies
in animals that provided evidence that application
of EDTA significantly enhances periodontal wound
healing compared to other conditioning agents such
as phosphoric acid or citric acid.26-28 Following appli-
cation of EDTA, it was also shown that the migration
of PDL fibroblasts toward the root surface is signifi-
cantly enhanced compared to the control (no root
conditioning) sites or the other conditioning agents
used.28 On the other hand, previous results from con-
trolled clinical studies evaluating the effects of root
conditioning using EDTA gel as an adjunct to surgical
therapy for the treatment of intraosseous periodontal
defects have failed to show statistically significant dif-
ferences in the treatment outcome between the
groups treated with OFD + EDTA or OFD alone.29,30
In a controlled clinical study comparing the treatment
Table 3.
Baseline Defect Characteristics (mean – SD, mm)
Treatment PD GR CAL CEJ-BD CEJ-BC INTRA
OFD + EDTA + EMD (N = 12) 9.3 – 1.3 1.5 – 1.8 10.8 – 2.2 11.6 – 1.8 7.4 – 1.7 4.2 – 1.7
OFD + EMD (N = 12) 9.3 – 1.2 1.8 – 1.0 11.0 – 1.7 11.7 – 1.5 7.6 – 1.6 4.1 – 1.5
Table 4.
Clinical Parameters at Baseline and 1 Year for Test
and Control Groups*
Baseline 1 Year Difference Significance
PD
OFD + EDTA + EMD 9.3 – 1.3 4.0 – 0.9 5.3 – 1.1 P <0.001
OFD + EMD 9.3 – 1.2 4.2 – 0.9 5.1 – 0.8 P <0.001
NS
GR
OFD + EDTA + EMD 1.5 – 1.8 3.0 – 2.2 1.5 – 1.0 P <0.01
OFD + EMD 1.8 – 1.0 3.2 – 1.3 1.3 – 0.6 P <0.01
NS
CAL
OFD + EDTA + EMD 10.8 – 2.2 7.1 – 2.8 3.8 – 1.1 P <0.001
OFD + EMD 11.0 – 1.7 7.3 – 1.6 3.7 – 0.7 P <0.001
NS
NS = not statistically significant.
* N = 12 for each group.
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outcome following root surface conditioning using an
EDTA gel preparation in conjunction with surgical
therapy with that following conventional flap surgery
in periodontal intraosseous defects, mean CAL gain
was 1.8 – 1.5 mm in the EDTA group and 1.0 – 1.7
mm in the control group, respectively.29 There were
no statistically significant differences between the
two groups. Comparable findings were also reported
from a controlled clinical trial assessing the effects
of an EDTA gel applied during surgical periodontal
therapy on PD reduction and CAL gain.30 In that
study, periodontal surgery was performed in conjunc-
tion with either root surface conditioning with citric
acid, EDTA, or alone (control). No statistically signif-
icant differences were found between the three groups
in terms of PD reduction and CAL gain at 3 and 6
months following therapy.
In the present study, the fact that similar PD reduc-
tions and CAL gains were obtained in both groups
indicates that the clinical results may be attributed
to the effect of EMD rather than to the root surface
conditioning itself. These findings also question the
clinical relevance of EDTA root conditioning in con-
junction with regenerative periodontal surgery with
EMD.
CONCLUSION
Within their limits, the present results have failed to
show statistically significant differences in terms of
PD reduction and CAL gain following regenerative
surgery with either OFD+EDTA+EMD orOFD+EMD.
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